Introduction {#sec1-1}
============

Diabetes is a serious chronic disease, and its increasing worldwide prevalence is a global concern. There are nearly 366 million diabetic individuals and it is estimated that 552 million will be affected by 2030 in the world \[[@ref1]\]. Diabetes mellitus is one of the top ranking non-communicable diseases in Iran. Approximately 90% of all people with diabetes have diabetes type 2 \[[@ref2]\]. The prevalence of type 2 DM in Iran ranges from 3.5 % to 13.1 % in subjects aged 30 or older \[[@ref3]\]. If diabetes mellitus is left untreated, poor control of blood glucose may cause long-term micro- and macro-vascular complications such as nephropathy, retinopathy and cardiovascular diseases \[[@ref4]\].

The World Health Organization projects that diabetes will be the seventh leading cause of mortality till 2030. How to deal with this threat is of a concern \[[@ref5]\]. According to American Diabetes Association (ADA), early diagnosis and good-treatment by changing lifestyle, controlling blood glucose and pharmacological interventions are effective in managing diabetes and reducing its complications \[[@ref6]\]. There are many clinical guidelines to standardize the diagnosis and treatment processes. That is while, these guidelines with long text documents are difficult to be used by a physician in the clinics \[[@ref1]\]. A big challenge encountered by clinicians is how to clinically manage diabetes. Thus, there is a gap between the current care and the documented diabetes care standard \[[@ref7]\].

Family physician has a unique position to influence and manage diabetic patients, by moving towards the setting of lifestyle changes and the prevention of diabetes complications. The best care requires the family physician to be competent in managing the complexity of this disease \[[@ref8]\].

Many IT-based interventions have been made to improve the adherence to the standard cares for non-communicable diseases. IT increasingly is used in modern medical practices, health care management and medical professional knowledge. One of the areas which decision support system has influenced, is the health care field \[[@ref2]\]. Clinical decision support system (CDSS) is a tool which is used to improve the quality of health care by maximizing services and controlling the cost of health care \[[@ref7]\], as Maia et al. reported that the implementation of a DSS supporting the treatment of diabetic people in primary care is feasible and the healthcare professionals should consider it helpful \[[@ref9]\]. O'Conner et al. in their article reported that evidence suggests that some cost-effective systems have high usage rates and are accepted by both providers and patients \[[@ref10]\].

Providing specific evidence-base treatment options for management of different aspects of diabetes saves a great time, encourages good management of different domain of care, and also reduces the likelihood of unhelpful prescriptions \[[@ref10]\]. Therefore, the aim of this study is to establish a decision support system of diabetes management based on diabetes care guidelines in order to reduce medical errors and increase adherence to guidelines in some health therapeutic centers in Shiraz, Iran.

Materials and Methods {#sec1-2}
=====================

Method {#sec2-1}
------

The method in the project consists of two phases. To design a DSS software, articles and countries different databases that have such software were investigated, because in Iran there is no such a database for diabetic patients. To begin the process, the existing guidelines in the field of diabetes mellitus such as ADA 2017 and American Association of Clinical Endocrinologists (AACE) guideline 2017 were reviewed, and accordingly, flowcharts and algorithms screening and managing of diabetes were designed. The final flowcharts were reviewed by one endocrinologist and one community medicine specialist, then, it was passed on to the information the technology team to design the software. The software is web-based, and it is designed based on ASP.Net MVC server technology version 4.0.3, Razor engine, SQL Server database, HTML 5 and CSS 3 world standard and Ajax technology.

The software interface was designed by reviewing the concept to ensure consistency with flowcharts and best clinical practice. In addition, user friendliness and ease of data entry were also considered. Since this software has the capability of both screening and managing diabetes, the initial and subsequent evaluation started from the basic knowledge of patients. It consists of demographic data and past medical history. During this phase, diabetic patients are diagnosed, and specific questions and drug history are asked ([Figures 1](#JBPE-8-289-g001.tif){ref-type="fig"}, [2](#JBPE-8-289-g002.tif){ref-type="fig"}, [3](#JBPE-8-289-g003.tif){ref-type="fig"}, [4](#JBPE-8-289-g004.tif){ref-type="fig"}).

![presentation of Demographic data](JBPE-8-289-g001){#JBPE-8-289-g001.tif}

![Presentation of past medical history](JBPE-8-289-g002){#JBPE-8-289-g002.tif}

![Specefic question taken from diabetic patients](JBPE-8-289-g003){#JBPE-8-289-g003.tif}

![Drug box for diabetic patients to save current medications](JBPE-8-289-g004){#JBPE-8-289-g004.tif}

Physical activity status based on type and severity according to "Physical Activity Guidelines 2017" was designed \[[@ref11]\]. A Type of activities with the title of vigorous and moderate, along with the variety of activities in a week was offered via software. Through this step, the physical activity status was calculated and considered for the final plan ([Figure 5](#JBPE-8-289-g005.tif){ref-type="fig"}). Smoking and family history were furthermore considered ([Figures 6](#JBPE-8-289-g006.tif){ref-type="fig"}, [7](#JBPE-8-289-g007.tif){ref-type="fig"}). For diabetic patients, complete and precise examinations were requested. Moreover, a segment for storing laboratory tests such as specific diabetic test, FBS, 2hpp, HbA1c and other routine laboratory tests for diabetics were designed ([Figures 8](#JBPE-8-289-g008.tif){ref-type="fig"}, [9](#JBPE-8-289-g009.tif){ref-type="fig"}, [10](#JBPE-8-289-g010.tif){ref-type="fig"}, [11](#JBPE-8-289-g011.tif){ref-type="fig"}).
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![First part of physical exam for patients](JBPE-8-289-g008){#JBPE-8-289-g008.tif}

![First part of diabetic Laboratory test](JBPE-8-289-g009){#JBPE-8-289-g009.tif}

![Urine Analysis (the second part of diabetic laboratory test)](JBPE-8-289-g010){#JBPE-8-289-g010.tif}
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Furthermore, in specific diabetic patients' examinations, one part was related to a foot exam. In addition to this examination, if a foot ulcer was present, a section would be designed for the foot image in several ways by simultaneous capture, saving pictures in the archive; otherwise, schematic design of foot image was designed and due to the severity of ulcer, it had the possibility to be marked with three different colors (red, yellow and green). This was implemented in order to have data for the patient's next referral ([Figures 12](#JBPE-8-289-g012.tif){ref-type="fig"}, [13](#JBPE-8-289-g013.tif){ref-type="fig"}, [14](#JBPE-8-289-g014.tif){ref-type="fig"}, [15](#JBPE-8-289-g015.tif){ref-type="fig"}). Another specific test for diabetic foot is 10 g-Monofilament test considered in this section; if a patient had an impaired test, this could mark the area of impairment in the schematic design, checking pedal pulses and evaluating claudication would be requested \[[@ref12],[@ref13]\]([Figure 16](#JBPE-8-289-g016.tif){ref-type="fig"}).

![The specific diabetic foot exam, first section](JBPE-8-289-g012){#JBPE-8-289-g012.tif}

![Schematic design of foot image to detection of ulcer](JBPE-8-289-g013){#JBPE-8-289-g013.tif}

![Specefic questions related to diabetic foot exam](JBPE-8-289-g014){#JBPE-8-289-g014.tif}

![Specefic question related to diabetic foot exam](JBPE-8-289-g015){#JBPE-8-289-g015.tif}
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Since the best diabetes care needs paying attention to manage blood glucose, blood pressure, lipid profiles and smoking status, BMI, prescription of Aspirin, Statin and screening for retinopathy, neuropathy, nephropathy and vascular complications, and immunization, all were considered in the design of this software to help the physician in order to make an exact prescription at the time of patient's visit or during the next followup. The CDSS application generates specific recommendations based on the given data. Next, proper selection of anti-diabetic drug, warning about poor glycemic control by suggesting possible adjustment, recommendations for the assessment of inappropriate medication doses, or uncontrolled hyper-glycaemia, prescription of Aspirin and Statins to those who have indications of consuming these drugs, and recommend screening for micro- and macro-vascular complications of diabetes.

The most important feature of this software is that it can recommend Hypoglycemic agents at the time of plan presentation. Each medication is shown based on the common and existence forms, the usage patterns and maximum permissible doses in a separate box ([Figure 17](#JBPE-8-289-g017.tif){ref-type="fig"}). In patients who have to start oral anti-diabetic agents, software considers "GFR" as a point to set up medication doses as required, and also does not permit the physician to prescribe medication more than permissible full doses.

![Presentaation of Hypoglycemic agents](JBPE-8-289-g017){#JBPE-8-289-g017.tif}

Another noticeable point about this software is that it can consider Aspirin and Statins for those who have necessary risk factors according to ADA 2017. Moreover, this software has the capability to offer Statins in different types and doses if necessary, according to the existing risk factors.

In this regard, if a physician misjudges patients risk status or makes a mistake due to time limitation, CDSS can be of great assistance.

To test the software, 50 scenario-based cases were prepared and entered into the software as a pilot. Creating these scenario-based patients were done according to three categories: 1- normal group patients (with 10 patients above and 10 under the age of 45 years old), 2- pre-diabetic (10 patients), and 3-diabetic patients (consisting of 10 with normal and 10 with abnormal range of blood glucose). Different aspects of patients' conditions like past medical history such as coronary heart disease, lipid dx, HTN, existence of micro- and macro-vascular complications with diverse drug history, smoking and physical activity status were considered. The final decisions for each fabricated case were reviewed by an endocrinologist, and then all data for each patient were entered into the software. Afterwards, the decisions made by CDSS were checked by true decisions.

Results {#sec1-3}
=======

The most significant outcome of this research was to establish a smart diabetic screening and managing software, which is an important stride to promote patients' health status, control diabetes, and save patients' information as an important and a reliable source.

Based on previous research and multiple reviews, existing diabetes guideline were studied, hence, flowcharts of screening and managing diabetes mellitus were designed, and then passed to information technology team; the software was designed accordingly .

Considering patients' data, we can have a comprehensive database of all patients, which is accessible if necessary.

All individuals who have indications of screening, after entering the information, according to the existing criteria, would be diagnosed and screened. For high risk people with diabetes, tests and a necessary workup can be requested, and for those who have indications, medical therapy is recommended.

The diabetic patients, who have oral medical therapy, are assessed through test results, and the current oral medication patients have the normal blood glucose status according to the guideline definition, the continuation of the treatment with the mentioned initial statins and Aspirin dosage is suggested.

In this situation, patients' followup should be considered every three months with specific diabetic tests such as FBS, 2hpp and HbA1c.

In patients with uncontrolled hyperglycemia, if a patient is treated with one medication, increasing dose of drug till maximum dose is suggested.

If the patient is consuming two medication, increasing the second drug till maximum dose is done, and if in this situation, the patient still has uncontrolled hyperglycemia, and both medication reach maximum dosage, starting the third drug is suggested.

However, if hyperglycemia remains uncontrolled, increasing the third drug till maximum dose will be suggested. In the absence of controlled blood glucose, the patient is referred to an endocrinologist to start Insulin regimen (reference ADA). All patients, during followup in case of drug replacement, are reminded monthly. During this procedure, patients' followup is performed according to fasting plasma glucose, 2hpp and HbA1c. In the first visit, ophthalmologist consult is requested for all diabetic patients and according to the indications, nephrology, neurology and vascular surgery consultations are recommended.

Hence, the indications of these consultations are according to specific tests requested by the physical exam section.

In this study, 50 scenario-based cases classified into three groups that they were designed according to plasma glucose, and each group was assessed with the software separately, thus the validity of the software was approved.

In the following section, the samples of plans are presented in [Figures 18](#JBPE-8-289-g018.tif){ref-type="fig"}, [19](#JBPE-8-289-g019.tif){ref-type="fig"}, [20](#JBPE-8-289-g020.tif){ref-type="fig"}, [21](#JBPE-8-289-g021.tif){ref-type="fig"}, [22](#JBPE-8-289-g022.tif){ref-type="fig"}, [23](#JBPE-8-289-g023.tif){ref-type="fig"}, [24](#JBPE-8-289-g024.tif){ref-type="fig"} respectively.

![Sample of scenario based case planning, one below 45 year old without risk factor](JBPE-8-289-g018){#JBPE-8-289-g018.tif}

![Sample of scenario based case planning, below 45 years old, with risk factor](JBPE-8-289-g019){#JBPE-8-289-g019.tif}

![Sample of scenario based case planning,one without any medical history,above 45 years](JBPE-8-289-g020){#JBPE-8-289-g020.tif}

![Sample of scenario based case planning, prediabetic patient. (first part)](JBPE-8-289-g021){#JBPE-8-289-g021.tif}

![Sample of scenario based case planning, prediabetic patients, second part](JBPE-8-289-g022){#JBPE-8-289-g022.tif}

![Sample of scenario based case planning, a diabetic patients with controlled hyperglycemia](JBPE-8-289-g023){#JBPE-8-289-g023.tif}

![Sample of scenario based case planning, one diabetic patients without control of hyperglycemia](JBPE-8-289-g024){#JBPE-8-289-g024.tif}

Discussion {#sec1-4}
==========

Managing diabetes, because of substantial resources and knowledge that are needed, is so challenging \[[@ref8]\]. Current diabetes care practices sometimes do not reach the recommended advice.

CDSS can improve the quality of diabetic care by using reminders and monitoring \[[@ref14]\]. In chronic diseases like diabetes, documentation has an important role in disease management. The availability of a population-based registry system can be a solution for the health service providers, and a guidance to strengthen the diabetic CDSS. Nonetheless, short and long-term potential benefits of a CDSS should be weighed against the costs, because it needs the installation of the software and networking capabilities, which requires planning.

Therefore, the effective use of CDSS in clinical settings should be combined with changes in work processes such as changes in nursing roles and provision of health care providers to encourage the adoption of CDSS in the clinical setting \[[@ref15]\].

In healthcare, CDSS can play an important role. The health care provider's clinical decisions are sometimes based on clinical guidance and evidence-based documented standards. However, intelligent methods make a choice for physicians and health care team to collect information and process them in different ways in order to assist diagnosis and treatment. CDSS can be applied in the healthcare in different situations such as the analyses of patients' past medical history for diagnosis and review of common characteristics and trends in medical record databases \[[@ref16]\].

Ideal outpatient's CDSS can identify diabetic patients with the highest potential benefits by changing the pattern in management; identifying a patient's specific clinical domains is not a goal, suggesting patients appropriate evidence-based treatment options.

IT-based interventions along with usual care are associated with glycemic control improvement in diabetic patients.

Vast implementation of electronic medical or health records has catalyzed CDSS, which can result in the improvement of diabetes care quality \[[@ref7]\].

Maya et al. demonstrated that the usage of DSS to support the management in primary care is feasible and the healthcare team considered it to be useful \[[@ref9]\].

A systematic review by Riazi et al. showed that information technology-based interventions along with usual care resulted in glycemic control improvement with various efficacy on clinical outcomes in individuals with diabetes \[[@ref17]\].

According to Siriwardena et al. study, telemedicine appears to be a good alternative to current therapy in diabetic care \[[@ref18]\].

Syed Mustafa Ali et al. in a randomized controlled trial suggested that CDSS could improve clinical outcomes of diabetes care in a moderate fashion, and it has the potential to increase adherence to the standardized diabetic care \[[@ref7]\].

DSS data must be collected in an electronic database, which has the capabilities of storage, retrieval and analysis.

While a CDSS can improve documentation, it may not improve patients' compliance and the capacity that depends on close collaboration between patients and health care providers \[[@ref19]\]. By integrating CDSS in clinical work practices, it can generate better results (increasing HbA1c test); however, it cannot guarantee the improved clinical outcomes such as lowering HbA1C \[[@ref20]\].

Despite evidence of positive impact on glycemic control in diabetic patients, telemedicine still remains uncommon due to factors such as the absence of specific regulation in many countries, the difficulty in incorporating it into the work routine, and health care team resistance \[[@ref9]\].

Finally, lack of health system information technology in some areas such as small cities is an obstacle for the accurate and best assessment of changes in the clinical decisions and process indicators such as the number of patients' referrals to specialists \[[@ref19]\].

Conclusion {#sec1-5}
==========

The advantages and benefits of this web-based system are on-time registration, reports of diabetic prevalence, uncontrolled diabetes, diabetic complications and reducing the rate of mismanagement of diabetes, which can help physicians to manage patients in a better way.
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